1 

Our Reference: VAL-458-A PATENT 
WINDSHIELD WIPER MOTOR WITH MOLDED 
SLEEVE AND THRUST ELEMENTS 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates, in general, to 
motor and gearbox drives and, more specifically, to motor 
and gearbox drives with right-angled gearboxes and, even 
more specifically, to motor and gearbox drives for 
vehicle windshield wipers. 
Description of the Art: 

Electric motors having gear reduction are 
widely employed for many industrial applications. 
Typically, the gear reduction is provided by a gear train 
formed of at least two meshing gear members, one of which 
is driven by the motor output shaft and may be actually 
incorporated into the structure of the motor output 
shaft, and the second fixed on an axle or shaft thereby 
rotating the shaft upon rotation of the motor output 
shaft . 

In a typical application of such a 
motor/gearbox drive, windshield arms and blades are 
attached to a conventional linkage which includes a crank 
arm fixedly mounted on the rotatable output shaft of a 
motor/gear drive. Within the motor/gearbox housing, a 
worm gear is formed on the motor output shaft. One end 
of the shaft is rotatably mounted in a bore formed in the 
housing. An intermediate end of the shaft is also 
supported in a bearing mounted in the housing. 

Cost reduction in the motor/gearbox drive has 
focused on the worm gear shaft and related components. 
Cost reduction can be achieved in this area by using a 
smaller diameter worm gear shaft. However, without 
support at the end of the shaft, the gear train fails at 
less than the required torque output. Such failure is a 
result of excessive deflection of the worn gear shaft. 
To control the deflection of the shaft, a bearing surface 


IS required at the end of the shaft. A thrust bearing 
surface is also required to control axial movement of the 
shaft. One solution is to machine a bore in the housing, 
which then receives a press -in bearing. However, the 
location of the machined bore cannot be held to the 
necessary tolerance for proper location of the bearing- 
to- shaft journal. Proper location of this journal is 
essential for low noise and high efficiency of the 
motor/gearbox drive. If the bearing is more than a few 
thousandths of an inch out of position, excessive noise 
and friction result. 

Axial end play of the gear shaft must also be 
controlled by minimizing such axial movement in order to 
prevent noise. It is known to provide a drilled and 
tapped bore in the housing axially in line with the worm 
gear shaft, which bore receives a threaded screw carrying 
ajnolded elastomer or resilient end cap. The screw is 
threaded into the tapped bore a sufficient distance to |^ 
bring the end cap into engagement with the shaft. While > 
this minimizes axial movement of the shaft to a certain ( 
extent, such an arrangement introduces other problems, 
the most significant of which is the drilled bore which 
forms a new water path entry into the motor/gearbox 
housing. In addition, the end cap applies force to the 
shaft and thereby controls the gear meshing. 

Another solution to the radial and axial 
movement problems associated with a smaller diameter worm 
gear shaft is to provide another bearing in the gearbox 
housing to support the end of the shaft. However, this 
introduces an added cost into the motor gearbox drive. 

Thus, it would be desirable to provide a 
motor /gearbox drive having molded sleeve and thrust 
elements or bearing surfaces which enable a smaller than 
normal diameter output drive shaft to be employed while 
still preventing excess radial deflection and excess 
axial movement of the drive shaft. It would also be 
desirable to provide such thrust and sleeve elements 


which minimize noise during operation of the motor/gear 
drive. It would also be desirable to provide sleeve and 
thrust bearing surfaces for a motor gear drive which can 
be easily integrated with existing motor/gearbox 
production methods for low manufacturing costs, 

SUMMARY OF THE INVENTION 
The present invention is a unique method and 
apparatus for providing a sleeve and a thrust member in a 
mot or /gearbox housing to support the mot or /gear drive 
shaft against radial and axial loads. 

The apparatus includes a motor/gear drive 
arrangement where a motor drive shaft has a worm gear 
carried thereon and a tip end terminating in an end wall, 
and a bore is formed in a gearbox housing coaxial with 
the output shaft. 

In one aspect, the invention comprises an 
improvement including an annular sleeve concentrically 
disposed about the tip end portion of the output shaft 
and nominally spaced from the tip end portion. The tip 
end portion of the drive shaft, under radial loads acting 
on the drive shaft, engages the sleeve, with the sleeve 
limiting further radial movement or deflection of the 
drive shaft. 

^Rr ^HOth e r-aspect- of - Uio invent i o n^^^^g fr 
injection molded thrust member isdispe-s^S^n the bore in 
the housing in coaxiaQ^^gi^irry'with the end wall of the 
shaft. The engagetflent of the tubular member with the end 
wall ot--«ieoutput shaft prevents axial movement of the 
igj^^M shaft.. 

According to one aspect of the invention, at 
least one and preferably each of the sleeve and the 
thrust member are formed by injection molding. More 
specifically, the sleeve and tubular member are each 
injection molded within the housing during the assembly 
of the motor/gear drive. 

The sleeve preferably has an inner diameter 
which is nominally larger than the outer diameter of the 


tip end portion of the drive shaft such that the tip end 
portion of the drive shaft nominally rotates within the 
bore in the sleeve during normal operation of the drive 
shaft . 

Another aspect of the present invention defines 
a unique method of manufacturing a motor/gear drive 
wherein the motor has a drive shaft carrying a worm gear, 
and a tip end portion terminating in an end wall, the 
method comprising: 

forming a bore in a housing surrounding the 
motor/gear drive, the bore having a first bore portion of 
a first diameter; and 

forming a sleeve having a through bore in the 
first bore portion of the housing. 

The sleeve is preferably formed by the steps: 
forming a shoulder between the first bore 
portion and a second bore portion; 

forming a first gate in the housing 
communicating with the first bore portion; and 

inserting a mold core into the housing, the 
mold core having a first end portion with a diameter 
larger than the outer diameter of the tip end portion of 
the drive shaft and a second larger diameter portion 
having a shoulder formed between the first and second 
portions sealingly closing the first bore portion, the 
first bore portion and the tip end portion of the mold 
core forming an interior cavity; 

injecting molten plastic into the interior 
cavity through the first gate to form the sleeve having 
an inner diameter surface surrounding a bore; and 
removing the mold core . 

The method also includes forming a shoulder on 
the mold core which is engagable with a bearing mounting 
surface in the housing to concentrically align the mold 
core with the first and second bore portions in the 
housing to concentrically align the sleeve with the first 
bore portion. 
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In yet another aspect, a first flange is formed 
on the housing and is engaged with a mating flange formed 
on the mold core. Engagement of the two flanges aligns 
the later formed sleeve concentrically about a 
longitudinal axis of the drive shaft when the drive shaft 
is engaged with the sleeve. 

In yet another aspect of the present invention, 
the method further comprises the steps of : 

forming a second gate in the housing 
communicating with the second bore portion; 

forming an end wall of the drive shaft with an 
outer diameter larger than the diameter of the second 
bore portion; 

disposing the end wall of the drive shaft to 
sealingly close off an end of the second bore portion; 

inserting the drive shaft of the motor/gear 
drive into the housing with the tip end portion of the 
drive shaft extending through the first bore portion; 

disposing the end wall of the drive shaft to 
sealing close the second bore portion; and 

injecting molten plastic through the second 
gate into the second bore portion to form a thrust member 
in the second bore portion in registry with the end wall 
of the drive shaft. 

The unique thrust member and sleeve of the 
present invention manufactured by the unique inventive 
method enables a smaller diameter and therefore a lower 
cost mot or /gear drive shaft carrying a worm gear to be 
rotatably mounted in a housing and supported against 
radial and axial movement for reduced noise and friction. 

The unique sleeve and thrust member of the 
present invention also contribute to a reduced 
manufacturing cost for the motor/gear drive since a 
costly bearing is not required to support the end portion 
of the motor/gear drive shaft. Further, the sleeve and 
thrust member are uniquely formed by an injection molding 
process utilizing gates formed in the motor/gear drive 
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housing. This reduces assembly steps and part count. In 
addition, the injection molding of the sleeve and the 
thrust member can be integrated into an existing 
motor/gear drive assembly process for a simplified 
manufacturing of the motor/gear drive. 

The use of separate gates directed to 
separately closed bore portions in the housing used to 
form the sleeve and thrust member, respectively, enable 
different materials to be used to form the sleeve and the 
thrust member thereby enabling the materials to be 
engineered to meet the different radial and/or axial 
loads of the sleeve and the thrust member. 

BRIEF DESCRIPTION OF THE DRAWING 

The various features, advantages and other uses 
of the present invention will become more apparent by 
referring to the following detailed description and 
drawing in which: 

Fig. 1 is a longitudinal cross-sectional view 
through a gearbox of a motor gear drive having sleeve and 
thrust bearing surfaces constructed in accordance with 
the teachings of the present invention and apparatus; 

Fig. 2 is a partial, cross-sectional view 
through one end of the gearbox shown in Fig. 1; 

Fig. 3 is an enlarged longitudinal cross- 
sectional view of a gearbox showing the mounting of a 
mold core of the present invention in the gearbox shown 
in Fig. 1; 

Fig. 4 is a partial, cross-sectional view of 
the end of the gearbox housing, with the sleeve of the 
present invention mounted therein; and 

Fig, 5 is a partial, cross-sectional view of 
the end portion of the gear housing shown in Fig. 4, with 
the gear shaft mounted therein, prior to the formation of 
the thrust bearing surface according to the present 
invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring now to the drawing, and to Fig. 1 in 
particular, there is depicted a portion of a motor/gear 
drive suitable for use in many different applications. 
5 It will be understood that although the following 

detailed description and the drawing show the inventive 
features of the motor/gear drive in a windshield wiper 
drive application, the present invention may also be 
employed in any motor/gear drive having an angled gearbox 
10 and, more preferably, a right-angled gearbox 

incorporating a gear pair, such as meshing worm and worm 
gear. 

JILig^: — q /•=] -j r. f- ri only th^ mr^^n■r phT^f^ 10^ lid^t> f 

the drive motor itself not being shown^,....^^ 
15 application, the motor and ge^ji><ifive are mounted in two 
separate housings lg,,.--^wirE!^ housing 12, which is 
typically a^paS^housing, by example only, formed of a 
suitaiji^'^tal, such as aluminum, depicted for the gear 

20 The shaft 10 has a generally cylindrical 

configuration for a portion of its length extending 
outward from the motor itself. In this application, a 
helical worm gear 14 is integrally formed in the output 
shaft 12 by molding or machining. The worm gear 14 is 

25 spaced a short distance from a tip end portion 16 of the 
shaft 10. The tip end portion 16 terminates in an end 
wall 18. 

An intermediate portion of the shaft 10 is 
supported in the housing 12 by a pair of bearing races 20 
30 and 22. The bearing races 20 and 22 are held in position 
in the housing 12 by a bearing housing 24 in contact with 
the inner bearing race 20 and a sleeve 26 and clip 28 
which are disposed in engagement with the outer race 22. 

The clip 2 8 seats within an undercut 30 in the 
35 shaft to retain the sleeve 26 in position in a 
intermediate bore formed in the housing 12 . 



4ai?Ive a - haf - t - 10 - . 

In order to use a smaller diameter shaft 10 so 
as to reduce the cost of the motor/gear drive, the tip 
end portion 16 of the shaft 10 must be supported against 
radial forces which tend to deflect the drive shaft 10 as 
well as axial thrust forces tending to move the shaft 10 
axially within the housing 12. A unique solution to this 
problem is provided by the present invention in low cost 
manner which can also be easily integrated in the 
assembly process of the motor/gear drive. 


a unique annular sleeve 32 and a unique thrust member or 
surface 34 are provided in the housing 12 and positioned 
to resist radial deflection of the tip end 16 of the 
shaft 10 as well as axial movement of the shaft 10 under 
operating thrust loads. 


invention, the sleeve 32 is formed as an annular member 
having an outer diameter and an inner diameter formed to 
certain dimensions as described hereafter. The sleeve 32 
is formed of a suitable material which provides high 
durability and which minimizes noise when engaged by the 
shaft 10. 

According to a unique feature of the present 
invention, the inner diameter of the sleeve 32 is 
slightly oversized or larger than the outer diameter of 
the tip end portion 16 of the shaft 10. This provides 
radial a spacing which allows the tip end 16 of the shaft 
10 to freely rotate within the sleeve 32 and without 
contacting the inner diameter surface of the sleeve 32 
during normal operation. However, when excessive radial 
forces are exerted on the shaft 10, the tip end portion 
16 of the shaft 10 will flex bringing the outer diameter 


According to the present method and apparatus, 


According to one aspect of the present 


of the tip end portion 16 into engagement with the inner 
diameter of the sleeve 32. The sleeve 32 resists further 
radial movement or deflection of the tip end 16 of the 
shaft 10 so as to support the shaft and reduce noise and 
friction during rotation of the shaft 10. 

The thrust member 34 is provided in a bore in 
the housing 12, as described hereafter, coaxially with 
the shaft 10 and in registry with the end wall 18 of the 
shaft 10 as shown in Fig. 1. The thrust member 34 
engages, but does not load the shaft 10, so as to merely 
prevent axial movement of the shaft 10 when thrust forces 
are exerted on the shaft 10 such as forces which occur at 
the reversal or inwipe and endwipe positions of a ■ 
windshield wiper arm assembly. 

The sleeve 32 and thrust member 34 are formed 
of suitable plastic materials which can be engineered to 
optimize the required properties of durability and noise 
suppression. The materials forming the thrust member 34 
and the sleeve 32 may be the same or different as the 
sleeve 32 and the thrust member 34 serve different 
functions . 

According to another aspect of the present 
invention, the sleeve 32 and the thrust member 34 are 
formed according to a unique method which will now be 
described. 

A&-s huwu la Fig. 2| - tho houoing 12 haa^^ 
stepped bore 40 formed of a first larger di-artt^r bore 
portion 42 and a second, coaxial smal>^ diameter bore 
portion 44, with both of the fir^^r^nd second bore 
portions 42 and 44 ref erred^^;>d^ereaf ter simply as the 
first bore 42 and the s^pdnd bore 44. A first gate or 
runner 46 is f ormed^fefirough the housing 12 and has an 
outlet disposed^^ifi fluid communication with the first 
bore 42 and^afn inlet opening externally or the housing 
12. The/<first gate 46 is designed to provide a path for 
molteK^lastic, as described hereafter, during an 
i^gjle ^Lion moldiuy piuceiSfci t o— fcJre w into the firct bore 4? . 
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The second bore 44 communicates with a second 
gate or runner 48 which also extends through the housing 
12 from an inlet. The second gate or runner 48 provides 
a flow path for molten plastic during an injection 
molding process step to the second bore 44 as described 
hereafter. 

The preaont mcth od-Hii a apparatu bi iLi ak e uat; lo ^ -a 
mold core 50, shown in Fig. 3 which concentricall^^s^ 
aligns, seals and forms an interior cavity f or^brming 
the sleeve 32 as described hereafter. The mpld core 50 
includes a shank 52 having a first diamet^ cylindrical 
end portion 54, an adjacent second, largfer diameter 
cylindrical portion 56, an adjacent larger diameter 
cylindrical portion 58, and a finaT largest diameter 
portion 60 . / 

The cylindrical port^ions 54, 56, 58, and 60 
serve various functions. Specifically, the first 
cylindrical portion 54 the mold core 50 has an outer 
diameter just slightl/ smaller than the inner diameter of 
the second bore 44/in the housing 12 so as to fit 
therein. A fir^rt shoulder 62 is formed between the 
coplanar endss^f the first and second cylindrical 
portions 5^and 56 of the mold core 50. The first 
should^ 62 is designed to sealingly engage a face 64 
forjK^ between the first and second bores 42 and 44 in 

Similarly, a second shoulder 66 is formed 
between the ends of the second cylindrical portion 56 and 
the third cylindrical portion 58 of the mold core 50. 
The second shoulder 66 is positioned to sealingly engage 
a second face 68 formed in the housing 12 at the end of 
the first bore 42 and an enlarged internal cavity formed 
within the housing 12. The first shoulder 62 and the 
first face 64 combine with the second shoulder 66 and the 
second face 68 to sealingly close off and form an 
interior chamber 70 within the first bore 42 of the 
housing 12 between the inner surface of the first bore 42 
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and the outer surface of second cylindrical portion 56 of 
the mold core 50. The interior cavity 70 is disposed in 
fluid flow communication with the first gate or runner 46 
to enable molten plastic to be injected into the interior 
5 cavity 70 to form the sleeve 32 as shown in Figs. 1 and 
4. 

It should also be noted that the outer diameter 
of the second cylindrical portion 56 of the mold core 50 
has a larger diameter than the outer diameter of the tip 

10 end portion 16 of the shaft 10. This enables the inner 
diameter of the sleeve 32 formed in the cavity 70 to be 
larger than the outer diameter of the end tip portion 16 
of the shaft 10 so as to be nominally spaced from the tip 
end portion 16 of the shaft 10. 

15 - A third chouldor 72 ic formed int e rm a di a t ^ 

along the shank 52 of the mold core 50 and is uo^tioned 
to engage a third face 74 formed intermed^^a-Cely within 
the housing 12 . The third face 74 ipx<formed as one 
support wall of the outer bearipcr^ce 22 shown in Fig. 

20 1. An enlarged annular f^^?i^ 78 is formed on the mold 

core 50 and extends radially outward from an intermediate 
portion of the^ttank 52. The annular flange 78 is formed 
with an oijt^r cylindrical mounting flange 76 which is 
adapperfto engage a similar mounting flange 78, not 

25 .^J^mffiT-^ Llik:^ motOi' poiLlOh ol Lhu huujimj 1? , 

The mating engagement of the various shoulders, 
flanges and faces on the mold core 50 and the housing 12 
cause the first cylindrical portion 54 of the mold core 
50 to be coaxially aligned with what will be the position 

30 of the motor output shaft 10 to ensure a proper bearing- 
to- shaft journal which is essential for low noise and 
high efficiency. 

Al l nei the irij e cLidd plabLic cuulb UJ^^d^Jj 4i--L^^ 
state forming the sleeve 32 ,thejc^^ is removed 

35 as shown in F±g^^^ — irrtlTe'^next method step of the 

present ijiv'eTition, the drive shaft 10 extending outward 
fji a rtrthc m o t o r, not nhovrn , — ic - alignod with - tho intoriox 
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bor e . 33 within the □Ioqvq 3a -i — The tip o f id yox L i - wi 1 6 og 
the shaft 10 is then inserted into the bore 33 in tji^ 
sleeve 32 as shown in Fig. 5. The tip end p^jJtrlon 16 
seats against the first face 64 closing^^yff the second 
5 bore 44 from the first bore 42 cojifer^ning the sleeve 32. 
Molten plastic is then injepfe'^d through the second gate 
48 into the first borg^<4 to form the thrust member 34. 
The thrust membp^*"^ engages the end wall 18 of the tip 
end portipBT^^te of the shaft 10 to hold the shaft 10 from 
10 axi^i'^'movement under any axial forces exerted on the 
.^g ^f t - lO - duiiny opfaia L lon of fc - he - - mot o r - and ge ar . 

In summary, there has been disclosed a unique 
method and apparatus for forming and mounting a sleeve 
and thrust member in a bore axially disposed with respect 
to the longitudinal axis of a motor/gear drive shaft 
carrying a worm gear, which sleeve and thrust member 
minimize radial deflection and axial movement of the 
drive shaft thereby reducing noise and friction. The 
sleeve and thrust member are uniquely formed by injection 
molding in the motor/gearbox housing for a reduced 
motor/gearbox manufacturing cost while still providing 
long-term durability. The injection molding process 
steps of the present invention are integrated into the 
existing motor/gearbox assembly process to further reduce 
the cost of the motor/gearbox drive. 


